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[D001] Ttit indention relates to a deformans tii** 5 

[0002] fcl$kno^lromUSpat^tpecrtlMlkx»N(^ 

3,353.599 and 5,014,779 to Insert a combated ttoe 

into the weeoore of an underground borehole and to 

expand the tuba downhoie into a tubular anapa. 

[0003] US patent apeoficstion No 5,366.012 die- 10 

doses the expansion of a dotted pipe of which the state 

open up as a result of the expansion so as to reduce the 

radial forces needed to expend the pipe. 

[0004] The use of slotted or Wtfetfy corrupted p*>es 

hastheolsadvafltwtidtoe^ " 

■rnsao fiMKranjcej svengrn. 

[0005] imernaflond patent a«)aceik»i. put*alton Mo. 

WO96«06a6oledosestheexpejx^ofenurxdot^ 

cyendrics) pipe by means of an expansion rnandrd. 

[0006] AolsaoWnta^ofthelatteraxpansxwmetf^ » 

la txd forces to expand tie pipe are relatrvdy hip* and 

thalthep^ccntrac te asaresuttof 

ess. 

[0007] ft is an objea of the presort invent 
ate the cfcadvantages of *e known techniques and to » 
provide a robust and deformaWe tube which can be 
expended or otherwise deformed by using a rdafivery 
low deformation force. 

StMTtntBtv of toa jnvertion * 

[0006] Ths detormabie tub* according to the invention 
thereto comprises a woJ which is at least partly farmed 
by a number of tubules, wherein at least orw tubule is at 
least partly o^formed in response to oetonration of toe * 
tube. 

[0000] TriedafonTemlonrnayiwoK^flattenx^ 
change of the tubular shape of the tubules, which 
requires prindpofy bendino forces which are signifi- 
cantly lower than the tendon forces that are required to 40 
expend a tubutar cyfindncd p*>e, 
[0010] ft may be requred to obtain a tube which can 
be deformed easily in an axial or in a radial direction or 
in both drecaom. A racfiatty detonixe^ tube is useful if 
the tube is for example to be used as an oianoVw *s 
production tubing which is to be ineeited Ire* a relatively 
narrow and Irregularly shaped underground weatae. 
AnaxiaJr/ceforTT^IubeteuseM^ 
auction Iner or tubing, a wefl casing or other weOksjutar 
which is irctalled In a corrpacfing reservoir where there so 
ieeriGKofbucKingcrfttww 
co^npacaon process. 

[0011] M areola^ oefom^e tube is reqiitredtt Is pre- 
forred that the wall of tie tube feat least partly formed 
by aseriesofaxid tubules which each extend in a cfrec- a 
tjon substantially paralM to a lonojtoolnal axis of the 
tuba such that upon a ratal oefbrmatlcfioftheitoethe 
axial tubules are at least partly deformed. 



(0012) If an axidry deformabie tobe is required « is 
preferred tolhewdloftofa*Miea1les*t partly 
formed by a series of toroidd tubules which extend in a 
Eubctantafty circular direction around a tongftuoTnd axis 
of the tube such that upon add o^tonrosfonof twtube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[0013] If a tube is required which is both axiafly and 
radiaOy oetormable. it is preferred that the wal of the 
tube is at least pertly formed by one or more hefted 
tubules which extend In a substantialy helicd Section 
with respect to a longitucind axis of the Mm such thai 
upon deformation of the tube in a d^ection which is ori- 
ented at an angle relative to a longitucind direction of 
each of fie hdicd tubules, at least one of toe helical 
tubules is deformed. 

[0014] Tr»tubutesniaybenx»deofametd.pias^ 
rubber or other matonsJ and may be welded, brand, 
bonded or otherwise secured to eojacent tubules or 
other parts of the wall of the tube. 
[0015] The tubules may before expansion have « 
folded. cyCrvlrtcaiefptK^ 

as a result of the expansion be unfolded or flattened Into 
an eapbed, cyOndncd or prismatic shape. 
10016] Su&abry. the tubules contain at the outer 
periphery of the tobe openings or weak spots which 
open up as a result of the o^formation process such that 
onewrriortfluWft are squeezed from the interior of the 
tubules into the space surrounding the tube. 
[0017] In that cast the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemfceia, such as a cherrscd treatment fluid or com- 
ponents of a Iquid cement durry or components of a 
curing agent which components ere onry rnbtod when 
or after t>eyheve been equeezedout of the tubules. 

[0018] The invention wilt be described in moro detal 
and by way of exampl e wrto reference to toe accompa- 
nying drawings, in which 

Fig. 1 1s a cross-axid sectional view of a tube both 
before and after expansion, which tube hasawaN 
that is made of a series of axa! tubutes which are 
cylindrical before expansion and eftptocd after 

Rg. 2 is a CTOSSHDod sectional view of a lube both 
before end after expansion, which tube has awdl 

that comprises a series of axial tubules which are 
prismatic before expansion and diipticd after 
expansion; 

Rg. 3 is a aose-axid sectiond view of a tube both 
before and alter expansion which tube has a wall 
that is made of a series of axial tubules which are 
effipbcaJ both before and after expansion; 
Rg. 4 Is a cross-axid sectiond view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and tie tube is 
folded into a substantially flat shape before ft is 
unfolded and expended; 

Fig. 5 is a longHurJnal sectional view of a tube 
wnfcn comprises a wafl that is made of a series of s 
toroidal tubules; 

ng. 6 b an enlarged data! showing the cyindricat 
shape of three of the toroidal Uixiee that are encir- 
dad in Fig. 5; 

Rg. 7 b a tongftutSrw) sectional vtew of the tube of to 

FfrS after ajdatODcnpr essi on of the tuba; 

Fig. 8 is an enlarged detal showing the eTptcal 

shape of three of the toroidal tubules that are andr- 

dedinRQ.7; 

Fig. 9 is a cross-anal sectional view ot a raolaaV is 
expand able tube u on y n si ng six aval or heficeJ 
tubules both before and after expansion of the tube; 
Fig. 10 is a cros*axia) sectional view of an unex- 
ponded tube of which tie wal oornprisesaaenasof 
folded tubules which untoWintoacYirx»K^srx«pe to 
during the process of expanding tie tube: 
Fig. 11 is a a n sa a x ial sectional view of another 
unexpended tube configuration where t h e wa Mcom- 
priaaa a series of faded tubes which unfold into a 
cyinoncai snape curmg via process or expenomg w 
the lube; and 

Fig. 12 is a cross-axial sectional view of an unex- 
pandad tube which folds open during the expansion 
process and which ccfnprtees a tubule which ads 
as a plastic hinge and which is flattened as a result so 
of tie expansion process. 

pejajfad description of tha invention 

(0019] Referring no*tol^ 1 thoreisohownetubel as 
in a cylrdricaJ weebora or other cavity 2, which tube 1 

which are substantially cylindrical before expa n sion of 
the tube 1 and ©Hfctfcal after expansion of the tube 1 to 
an araarged damaier. as itajstated by reference 40 
numeral 3B. 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pretsureintwir«erky4of1toa^ 
expansion process the tubules 3 are subject to a bend- 45 
ing process bo that reiatfvery low force* art required. 
[003i] if tha tubules 3 are made of steel or another 
metal then ft is preferred that the tubules 3 am sintered. 
wex)ou or orazeo togovwr ajong ma isngin or me inn 
5 where the tubules 3 touch each other. so 
(0022] If the tubules 3 have ui irnpermeelxe wal and 
the tube 1 is used temporarily to fie cavity 2, tor exam- 
ple to preside a terrpora^ seaJ, then the tuc^ can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 8 of tie tufcases 3. which wi ts 
induce the flattened tubules 3B to resume their tubular 
shape, so that the tube 1 radial shrinks and cm be eas- 
ily removed from the rjavity 2. 



(0023] If the tubal etobe used permanentfy in the 
cavity 2, for example 9 the tube 1 is to be usedasawefl 
casing, then at least some of tietubiieeSmeybefled 
with Squid components of a cement slurry or other cur- 
ing agent such as a silicone gel and the outer wafl of 
tiese tubules may contain openings 7, or weak spots 
which are opened as a result of the expansion process, 
via which said squid componei to are soueezod Into the 
sunourKxng annular apace 6 surrourxang tie expanded 
lube 1 and the liquid ccfnponents mix up and cure to a 
hardened cement siicons or other cured sealing corn* 
ponton. 

{00241 Fig. 2 •uetrataa an alternative enfoodvnentot 
the defbrrnable tube according to irworitioa This 
tube 9 is also racially detormsJble and oomprisea a 
series ol tubules 10 which are prismatic before expan- 
sion and eftpecal after expajx*x\aeiuatiited by refer* 
ence numeral 106. 

(0025] TTweixJeslOaieerrejigedsubstar^ 
aflel to the lorajftudtoal axis 1 1 at theeenteof tfietube 
9. The tubules 10 are made of steel or enrther metal 
and are connected to each other by tongitudina! welded, 
brazed or sintered bonds 11. 
19026] Fig. 3 shows yet another entxxfrrtent of tie 
detormabie tube according to the inverem In which tie 
tube 12 is radially aeforrratbfe and conprisseasarieeof 
tubules 13 which are elliptical before ajid which have an 
eliptical, almost flattened shape after raolej expansion 
of the lube 12. 

[0027] In this enxxxJunent the tubules 13 detormfrom 
a first eWptical shape, illustrated by reference numeral 
13A m **ict\ me largest width of ihe m**kxm xJuJmo 
13A has a racial onentatton tto a second otlipticai 
shepe^lustrated by reference numeral 13B in which the 
largest width of the eflsrfceJ tuWeel3Are*atangen- 
tlal orientation. 

f0028] Referring now to Fig. 4 there is shown a 
deformaUe tube 14 which oornpriaee e series of axial 
tubules 15. wherein two pairs of tubules at opposite 
skies of the tube 14 are toterconnected by plastic 
hinges ia These plastic hinges 1 6 alow the tube 14 to 
be stored and transported in a flattened shape e g. 
around a reeling drum (not shown). 
16029] When tie tube 14 is then unreeled 
reefing drum it can be brought into a cyfindricaf shape 
by a guide funnel (not shown). N tie tube 14 Is to be 
usedtetieawelorirK^anoth* 
cat tube 14 is then reeled into the wefeore at* interior 
of the other tubular and expanded for exarrito by pump- 
ing a high pressure fluW Into tto ^ 
14. 

[0030] The inrtiatty flattened tube configuration shown 
in Fig. 4 allows an easy storage and import of tie 
tube 14. eg. on a small dameter reeling oVum,durtog 
tie marxjfacturing stage and during transport from tie 
marwlBCturingslte to tie site where the luteUistobe 
used. 

[0031] Figures S, 6. 7 and 8 chow yet another embod- 
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irrwrtoftriedefomieJblet^ 
in which tht tubules ISA B hm • toroidal shape in 
order Id mate the lute 19 axialy ctefcxrnabla 
(0032] ThetubolOshowntor^Scwbeaproduc- 
t»nNn»«aoorTpacSngo«orgw * 
where aa shewn in detal In Rg> 6 the toroidal tubules 
ISAhaveasubstartialycytor^ 
uration shown in Rg, 7 the tuba 19 has anally con- 
tracted so that rtslerigthte 18% sri^ 
length shown in RQ.& 10 
[0033] As a rasull of tie axial contraction of theft** 
19the tubules 188 shown in Rg, 7 h»«bee^ 
lnloanal^shapa,asisshowninmofadslailinRa 
8. 

10034] Referring now to Rg. 9 there ia shown a ti* is 
20whh^wcsaaf)owjw^swateora2i orotharcav 

_ ^ 

[0085] The tube 20 has a wall that cornprisee six 
tubules 23. 24. 25, 2ft 27 and 28 which extend in an 
axial or rwlicaJcorfgLn^ » 
axis 29 of tha lube 20. 

(0036) Adjacent tubutee 23. 24. 25, 28. 27 and 28 are 
interconnected atong tieir length by eiccigate welds 32. 
Plastic hinges 22 are located in tha wals ol the foAules 
23^28 at bot> sWes of each weld 32. & 
[0037] Tha una*>anded tuba 20 isshown at the cen- 
tra of tha drawing. Tha abt une^ancted lubuJee 23-28 
each have tha form of a pie sector and only a minor gap 
80 la present between adjacent tubules 23-28. To 
expand the tube 20 • pressurized fluid « pumped anto so 
the gaps 30 which wil induce the tuba 20 to expand until 
tha walla of fhe tubules 23-28 are stretched anchor the 
outer walls of tha tobies 23B-28B are pressed against 
thawattxva21. 

(0038| The vclume-etlcient tube configuration shown as 
in Fig, 9 is attractive V tie tuba 20 la to be Inserted Wo 
tha wsaoore 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of tha unexpended tubules 23-28 ia retaevaJy 
large whereas the internal volume of tie expended *> 
tubules 23B-288 is relatively small so tiatHthewaHeat 
the outer ctoirnfaranca of tie tubules 23-28 are gene- 
rated or become during expansion otherwise fluid per- 
meable a roartwery large volume of fluids is squeezed 
from the Neriorof IN tubules 23-28 into tha surround- «s 
ing ajwiulue ancVor tortnatton. 
[0039] In thfc way arelatrveV large volur^ 
agent andfor treatment fUd can be injecte d into »a 
annulua surrouncing the tube 20 ancVor tha formation 
31 surrounding tha weeoore 21 . » 
[0040] Trie externally pemiesJbtetito 
able to inject S-eatment fluids into an underground for- 
mation 31 which comprises atong the length of the 
weeoore 21 layers of varying pernieabTity. H tha outer 
waJfcc4thetubutes23-28haveaeic^^ « 
permeability than the surrounding formation 27, then, 
as soon as fie outer watt of the tubules 22B-26B is 
pressed against the weUbore 21. a relatively constant 



flux of treatment fluid wil be so^ieezed Into the various 
surrounding formation layers so e^trtorttofirtfecaon 
of teatment fluid mainly into the permeable formaton 
layers and byi>eeslng of less permease layers te ««- 

rnized. 

[0041) rf the tube 20 is used as a treatmertfMd Injec- 
tion too) than the outer watts of the tubules 23-28 may 
be made of a pemieable rubber and/a a fabric and the 
inner walls of the tubules 23-28 which face tha interior 
30ofthetJbe30mayberT¥ioec<animpem 
bar. After Injection of tie treatmanl flukis the pressure in 
the Work* 30 of the tobe 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole 

(0042] instead olUcwing theU>e20to(XXTkadaftar 
fluids have been injected into the lorrtiatoon tie tobe 20 
maybe afkiwed to rwrden In the appended poartion 
•gainst tie weeoore 21 by topragra^ the fabric or 
other rretteriaJwaliaslowty curirigeixixy or other pawtic 
oorrtxaaton. so that the aolidiied lube 20 then serves 
asawetlner. 

[0043] Thetube20arrith«tU)eccrf^urallom 
in Figs. 1-4 may also have walls that are made of a sieve 
material, m that case the tube may be expended by an 
expansion cone or by a balloon that Is inflated in the 
interior of the tube. 

(00441 Since the sieve material that then forme the 

watts of tubules is mainly bent and not or hardly 

stretched the sieve opening size will remain fairly con- 

stant during the expansion process. The expanded*** 

of sieve material then serves aa a titer that prevents 

sand and other soikSmataria^ to enter thft*sSbere2t. 

[0045) Theraxfiaiyeapanaab^ 

ractaty expendable Ui* configurations shown in Rg>. 

1 A may ateo be made of tubules 23-28 which em imde 

of ■ fluid tTpermeable material, such aa steel which 

onJy detains I tha pressure in tha interior 30 of tia lube 

axceede a pre-eet tevei to that case the tube maybe 

instated as a production tubing which serves as a 

ctownheae btow-out preverrtw 

of the armufus surrounding the production Using if a 

blow-out occurs. The radially expandable tube corslgu- 

ration shown in fig. 9 can also be used as a dril string. 

tothatcasecHSr^rnudisDurnpri 

of the tubules 23A-28A during driing. Ai the and of a 

oW^cycto high pressure fluto Is 

nor 30 of the tube 20 so tiat tha tuba 20 Is expanded 

against the borehole waft 21 and farms a Wng of the 

wefbore and tha dnt bit and ctownhoternotorassarnbfy 

is puled to tha surface by a wireline or coiled tiling 

passvvj through the interior 30 of the tube 20 and ateo 

serves as an expansion cone. 

(0046] Iff only n^nor expansion of the tube tereoured 

then the wall of tie tube may be provided with only one 

or a tew axial or hefical tubules 

[0047] Nthewatooftrtetoba20ort^olharrao1a^ 

expandable oonfiguraftons are made of a rubber or 

other elastkaMy detomwble material then tie expanded 
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tube may serve as a high exp an sion packer or bridge 
plug. 

10048) NwiH be uixlen^ood that Htr^ tubules are orv 

be obtained V the tubules are oriented In a drcumferen- 
sal ovectton as shown m Flos. 5-6 then an ejdatty 
deformable tube wiP be obtained. 
(0049] H the tubules are oriented in a helical olrection 
tie tube will be deformable both in axial and racial 
directions and tie pitch angle of the heecaJ configura- 
tion of tie siiies wfl then inf kjance the degree In 
which the tube is axtafly or raolalfy dafortnatJtai 
[0050] Rg. 10 shows a ccftxjjration where a tube 40 
eonprises a wall that consists of a series of axial tolda- 
btetobdos 41. 

(0091) M the tubules 41 are made of steel then twy 
are Irterconnected aide by aWe along their length by 
axial watds 42. Each aixie 41 comprises at tie outer 
crcumfarenceoftoejbeeoari^ 
and at the inner drcurrtorsn ce of tie tube,40 a sot of 
four plastic Nnges 44. 45, 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove In the innsfind/or outer surface of thewalofthe 
tubule 41. 

[0082] The set of lour plastic hinges 44-47 defines a 
wet segment where the tubules 41 can be folded 
inwardry to term a U- or dess-shaped reoess 48 that 
feces the interior 49 of the tube 40. 
[0063] Thetube 40 is expended by pumping a pressu- 
rized fluid into the interiors 50 of tie tubules 41 which 
causes the tubules to untofotyrwio^ 
hinges 4347 so tut the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0064] Asaresunoftt^ureoUngofth«tiixies41tr^ 
tube 40 obtains a larger external and Internal dameter. 
[0066] Rg. 11 shows another tube 61 which com- 
prises a wal that consists of a series of axiaJfoldabJe 
tubules SZ. 

[0066] If the tubules 52 are made of steei then they 
are interconnected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer arid the inner drcurnference of the tube 51 a set of 
tour plastic hinges 54 that are formed by machining 
axial grooves in the inner ancVor outer surface of the 
wan of each tubule 52. 

[0067] Each set of lour ptetto Nnges 54 c^esswsl 
segment where the tubules 52 can be tatoed inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of the tube 51. 
(0058] The tube 51 Is expanded by pumping a pressu- 
rized fluid into the interiors 58 of the tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0069] As a result of the unfoidng of the tobuies the 
tube 51 obtains a larger external and WemaJ dameter. 
[00601 Fig. 12 shows a foldabie tube GO which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at its upper side aset 
of four plastic Nnges 62 that are fomied by ntachirxng 
axial grooves in the outer or inner surface of the wail of 
tie tube 60. 

10061] The four plastic hinges 62 define a detta- 
shaped recess 63 at the upper side of the tube 60, when 
tie tube is In Ha folded shape. 
[0062] The tube 60 is unfolded by pumping a prewu- 
rixed fluid into tie interior 64 of the tube 60. This causes 
the tube to untoid In the direction of the arrows into the 
cylindrical shape which Is l^ated by the broHsn tries 
60A The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
eUpbcaJ shape which Is WustiBiedbybroleanlneseiA. 
{0063] The tubule 61 is rnacte of a rjlasScss* deform- 
able materiel, such as a tormabte Np>^sngti low- 
aftoy or dual phase steel grade, which atso provides 
flaxfctty to tie lube 61 ti cfoaitarenftsJ cirscta 
ing the urrfotow* procedure, After the unfotolng proce- 
o\jreacurirxjagertrr»ybepurnped 
of the eflptcaf tubule 61 A to reinforce tie totxie 61 A. 
The Merior 65 of the tubule 61 may comprise electrical 
and/or hydraufic conduits for transmission of electric 
anoVbr hydrautic power andfor signejs along tie length 
of the tube. 

[0064] The srnbodknents of tie deformable tube 
shown in tie drawings provide a tube which can be 
deformed easily and which can be reeled on e reelng 
drum. The tube can be unreeled torn the drum and 
injected into an underground borehole or other cavity in 
which the tube ie to be used. The tube is subsequently 
detormed inside the borehole or other cavfty Oy chang- 
ing tie tubUar shape of one or more tubules in the wall 
of the tube. The deformation may involve flattening, 
unfOkfing or ot^ deformation of the tubule or tubutea. 

Claims 

1. A deforrnable tube having a well which is at least 
partly formed by a number of tubules, wherein at 
least one tubule is at least party deformed in 
response to deformation of thetube. 

2. The deformable tube of claim 1. wherein the wal of 
the tube is at least partly formed by a series of axial 
tubtiee which each extend In a olrection eubetarv 
saJryparaWtoalongiudkxJaxte 

tiat upon a radiaJ deformation of the lube the axieJ 
tubules are at least party deformed. 

3. The deformable tube ofctaimi. wherein the wal of 
tie tube is at least party formed byaseries erf toroi- 
dal tubules which extend in a su to st antiaty circular 
oVectionarourxlaiongrtuolnalaxte 

that upon axial deformation of the tube the toroidal 
nixies are at least party deformed. 

4. The c^rnable tube ofctaimi, wherein the wal of 
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the tube is at least partly formed by one or more 
hefica! tubule* which extend in a sutwtan^fy befr- 
caJ dree** w*h respect to ■ tongrtutfnai *»» of 
the tube such that upon deformation of the tub© In • 
erection which is orientedat an angle retatrve to a s 
longitudinal direction off each of fie heical tubules, 
at least one of the hefccal tubules Is at least party 
deformed. 

5. The deferred tube off claim l.wher^ 10 
the fcbe is at least partly formed by a number of 
substantially parallel tubules which are arranged 
■tie by side and are connected to each other. 

6. The detorrnaUe tube of daim 5, wherein the « 

acjacant tabUeseubttanttaty touch each other and 
are sintered, welded, spot welded, brazed, bonded, 
or otherwiee secured to each Oder. 

JO 

7. The detrmabe tab© of daim 6, wherein the 
tubUes are rrasto of a plasfc or eiaatonwie nn^ 
net or a ttmc and the sides of ©decent tubules 
eubstanbafty touch each other and are bonded to 
each other. » 

S. The detormaWe tube of daim 1, wherein before 
deformation of the tube the tubules have a subatan- 
tefy cytndrical shape and deform into a substan- 
tety eUptfcaJ or flattened shape in response to *> 
deformation of the tube. 

9. The deferrable tube of daim 1. wherein before 
deformation of the tube the tubules tiave a substan- 
bety prismatic shape and deform into a substan- * 
taly flattened shape in response to datam ation of 
the tube. 

ia The detarrrable tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a rasut 
of the defor mat ion process such that one or more 
fluids are squeezed from the interior of the tubules 
into ti© apace surrounding the tube. 

45 

11. The deformabletub© of daim 10. wherein theftaids 
that are squeezed from the Interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement starry, comport* * of a 
curing agent or a chemical teatment tUd so 
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